Objective: To examine discharge outcomes of extremely low birth weight infants (ELBW) with spontaneous intestinal perforation (SIP).
Introduction
One of the original descriptions of spontaneous intestinal perforations (SIP) in premature infants comes from the early 20th century. 1 It lists the necropsy findings of three stillborn infants with isolated perforations proximal to the ileo-cecal valve. In the late 1950s, sporadic reports resurfaced of premature infants with SIPs without any evidence of intestinal obstruction. 2 In 1985, with improving survival of low birth weight (LBW) neonates, four SIP case reports suggested the possibility of an acquired pathology secondary to perturbed intestinal development by indomethacin. 3 In 1988, Aschner et al. 4 described a case series of SIP in LBW infants and was the first to demonstrate SIP as a prevalent diagnosis in this emerging patient population. At the end of the decade, Gordon et al. 5 and Garland et al. 6 demonstrated that early postnatal steroid (EPS) exposure was associated with increased prevalence of SIP in extremely LBW (ELBW) infants. Since that time, two NICHD randomized controlled, multicenter trials involving EPS in ELBW infants have been halted by their safety review committees because of perforations in the treated cohorts. 7, 8 Meta-analyses of relevant randomized trials have confirmed that EPS is a risk factor for SIP. 9, 10 While our concept of SIP as a disease entity has evolved, there is still some lingering debate as to whether or not SIP can be accurately distinguished from necrotizing enterocolitis (NEC) by the clinician. 11 There are only four published histopathologic studies of SIP, but all are consistent and have found surgical specimens to be dramatically different from that of NEC. 5,11 -13 In these studies, SIP was found to have healthy mucosa and a compromised bowel wall, and the histopathology for all cases of SIP were consistent with the clinical diagnosis. Two of these reported cases presented with pneumatosis and were originally diagnosed as NEC but histologically proved to be SIP. 11 The surgical experience with these diseases suggest that SIP and NEC with perforation may not respond to peritoneal drainage in the same manner. [14] [15] [16] [17] [18] [19] [20] There is currently a multicenter randomized trial being planned to examine which surgical intervention to use with NEC and SIP respectively.
Little is known about the comorbidities associated with SIP in ELBW infants. The only large (>30 patient) observational study to focus solely on intestinal perforation spans the presurfactant era and does not address the morbidities of survival. 13 We designed a single center retrospective cohort study with two specific objectives in mind: first to investigate survivor outcomes of infants with SIP and second to further characterize disease presentation.
Methods

Research design
A retrospective cohort analysis was performed using medical records of all ELBW neonates (BW p1000 g) less than 30-week gestation admitted to the University of Virginia neonatal intensive care unit between July 1996 and June 2004. All infants X30-week EGA at birth were excluded to avoid the possibility of older IUGR infants confounding the control group. This truncation was made to avoid the confounding effect of a higher percentage of SGA infants in the control group, as there were no infants in the SIP group that were >29 weeks EGA. SGA infants are known to have a higher infant mortality for the same gestational age. 21 This project was performed with Human Investigation Committee protocol approval at the University of Virginia.
Study population
Inclusion criteria for SIP were met if the neonate had evidence of pneumoperitoneum on abdominal radiograph, or by the presence of abdominal distension with an erythematous or dusky abdomen on clinical exam and high suspicion on the part of the caregiver. In the absence of pneumoperitoneum, SIP was confirmed by the presence of particulate matter (succus) in the peritoneum as seen on ultrasound or visualized when surgically explored. Infants were excluded if they had evidence of pneumatosis on any radiographic exam (radiograph or ultrasound). There were 13 infants with surgical NEC in our ELBW group. This yields a surgical NEC incidence of 3% of all ELBW admissions. With only eight of these NEC infants surviving, the inclusion or exclusion of this group of infants did not change the results for any of our conclusions. All infants with a perforation secondary to a congenital obstructive process (e.g. Hirschsprung disease, congenital bowel atresia, gastroschisis, or meconium ileus associated with cystic fibrosis), with lethal diagnoses at birth (e.g. fetal hydrops, lethal trisomies or Potter syndrome), or admitted after their first week of life were also excluded from the study.
Clinical setting
The University of Virginia Children's Hospital has a history of multidisciplinary investigations of SIP that includes neonatology, pediatric surgery and pediatric radiology. 5, 9, 14, 22 Within the neonatal intensive care unit, cases of SIP were managed by a single practice group of neonatologists and pediatric surgeons with coattending status. Referrals to the UVA Children's Hospital came from a wide variety of neonatal intensive care units and nurseries within central and western Virginia. Use of steroids as rescue therapy was at the attending's discretion in all cases (no patient was enrolled in a steroid trial). Over the 8-year-period at our institution, hydrocortisone was used in some ELBW infants after failure to respond to fluid boluses and vasopressors for hypotension. Dexamethasone was used in situations where lung disease was so severe that death was thought to be imminent. Antenatal steroid use was prevalent, but we were unable to reliably obtain data on outborn patients for this variable. Diagnosis of SIP was made by radiograph showing pneumoperitoneum without any history or subsequent development of pneumatosis. In infants who presented with a gasless abdomen, ultrasound was used as an adjunct to diagnose free fluid with particulate matter.
In all cases of SIP, patients were placed on broad spectrum antibiotics and made NPO with bowel decompression. In total, 30 infants had an abdominal drain placed through a small right lower quadrant incision to facilitate air and succus drainage. Abdominal washes were performed at the discretion of the surgeon and they decided daily whether or not progression to a laparotomy was indicated. In two cases, a laparotomy was performed immediately. This usually occurred because there was a belief that the diagnosis was delayed or that the child was unlikely to improve with a drain alone.
Data collection
Demographic data for all infants collected included: estimated gestational age, birth weight, gender, and small for gestational age (<10th percentile) as defined by Kramer. 23 Birth data included single versus multiple gestation, birth hospital, APGAR scores at 1 and 5 min (Table 1) . Data collected during the hospital course included the use of indomethacin or exogenous glucocorticoids in the first week of life, diagnosis of surgical NEC (for exclusion), diagnosis of SIP, diagnosis of chronic lung disease (CLD) (defined as supplemental O 2 requirement at 36 weeks corrected gestational age), periventricular leukomalacia (PVL) determined from head ultrasound prior to discharge home, photocoagulation therapy for retinopathy of prematurity (ROP), and death. All readings of PVL were carried out by one of the three pediatric radiologists active during the study period. The diagnosis could consist of either echodensities or echolucencies, as both forms have been associated with poor neurodevelopmental outcomes. 24 For infants with SIP, additional data were collected including mode of diagnosis, day of life of diagnosis, and surgical intervention.
Statistical analysis -univariate analysis
All analyses were performed utilizing SAS s Version 9.1 (Cary, NC, USA). 25 Numeric data (birth weight, EGA, APGAR, and length of hospital stay) were evaluated using both parametric (two-sample ttest) and nonparametric (the Mann-Whitney test) methods. Categorical variables (e.g. gender, medications, and interventions) were evaluated using w 2 or Fisher's exact test as appropriate.
Statistical analysis -multivariate analysis Multiple logistic regression was used to estimate the association between SIP and each of the outcomes of interest (death, PVL, CLD, and ROP) via the odds ratio (OR), while adjusting for potential confounding factors. For the outcomes other than death, analysis was restricted to those who had survived. Variables whose univariate association with SIP resulted in a P-value <0.20 were considered potential confounders and were thus included in the original, 'full' model. An OR estimate for SIP was initially obtained from the full model. To assess for confounding, each of the covariates were removed one-by-one from the model, and new estimates of the OR for SIP were computed. In the case of considerable confounding (change in the OR estimate of 10% or greater), the responsible covariate was retained in the model. If a variable was discovered to be a nonconfounder, it was removed from the model (if more than one nonconfounder was present, the variable with the least amount of effect on the estimate was removed). The assessment for confounding was repeated on the remaining variables and continued until no other variables were found to be nonconfounders. Effect modification between the variables of interest was evaluated by testing appropriate interaction terms for statistical significance prior to the assessment for confounding. Due to the relatively small frequencies of death and PVL, exact methods for estimating the parameters of the logistic models of these two outcomes were utilized. In contrast to standard logistic regression methods, which assume sufficiently large sample sizes, exact logistic regression is a conservative approach valid for small samples. 26 Frequencies of CLD and ROP were sufficiently large to employ standard logistic regression methods for these outcomes.
Results
Demographics: higher incidence among males and infants exposed to steroids or indomethacin During this 8-year period, there were 3517 admissions to the University of Virginia NICU. In total, 430 infants had a BWp1000 g and were <30 weeks gestation, and of these, 391 were inborn or admitted within the first week of life, and survived past day of life #2. From this cohort, we identified 35 infants with a diagnosis of SIP. The remaining infants were considered controls ( Figure 1 ). This yielded an incidence of 8.4% of all ELBW infants and 8.9% within our cohort. Univariate analysis revealed that male gender, exposure to postnatal steroids and postnatal indomethacin were all significantly higher in infants with SIP when compared to the control population (Table 1) . Estimated gestational age, BW, SGA versus AGA, APGAR score at 1 or 5 min, or inborn status were not significantly correlated with SIP. The median gestational age for infants with SIP was 25 weeks, median birth weight was 722 g and 71% of the infants were male.
Diagnosis: perforations were occult in one-third of infants <25 weeks EGA The majority of infants with SIP (28/35) presented with pneumoperitoneum. Seven infants presented without evidence of pneumoperitoneum (an occult perforation). Two of these occult perforations were within the last year of the study period, and were diagnosed by ultrasound. Ultrasound has been used by previous Figure 1 Cohort studied: admissions to the University of Virginia Neonatal Intensive Care Unit that were <30 weeks EGA and BW <1001 g. To be included in the analysis, infants had to be admitted within the first week of life and survive past day of life 2.
investigators to document intestinal perforation in utero and in premature infants with a gasless abdomen. 27, 28 The remainder all had percutaneous needle aspiration performed for clinical signs (blue discoloration of abdominal wall with distension). Infants had to have evidence of particulate matter on ultrasound or stool within the peritoneal tap to confirm suspicion of a perforation. Six of the seven infants with an occult perforation were <25 weeks EGA, while only one infant X25 weeks presented with an occult perforation. One-third (6/18) of infants <25 weeks EGA with SIP presented with an occult perforation.
Timing was most common between days 6-10 of life When plotted against day of life of diagnosis, SIP occurred between days of life 6 and 10 more than half of the time (18/35) with 86% of all perforations occurring within 3 weeks of birth (Figure 2 ). However, a small group of patients were diagnosed at >25 days of age (5/35). There was a preponderance of occult presentations in the delayed presenters, making it challenging to interpret the clinical significance of these late presenters (other than as potential outliers of whom the astute clinician should be aware) (Figure 2 ).
Type of surgical intervention
During the course of this study, the preferred surgical intervention at our institution for SIP was decompression and irrigation of the abdomen, and placement of a drain, through a small right lower quadrant incision. Of the 35 infants, 30 underwent this procedure. Of these, 17 proceeded to require an open laparotomy during their hospitalization. There were two separate infants whose initial procedure was a laparotomy. The remaining three patients did not undergo any surgical intervention. Two were patients with Grade IV IVH in whom support was withdrawn after the diagnosis of pneumoperitoneum at parental request and one had a small pneumoperitoneum that resolved spontaneously before a drain could be placed. All infants that underwent laparotomy had a perforation found with no evidence of NEC. In total, 16 had lesions within the distal small bowel, while there were three cases that were found within the transverse colon. We were unable to detect an association between the need for laparotomy and any of the outcomes examined (data not shown).
Outcomes: SIP was associated with increased PVL and mortality By univariate analysis, infants who acquired SIP were more likely to develop ROP and PVL with a trend towards increasing CLD and Death (Table 2) . Multiple logistic regression analysis was performed to adjust for the potential confounding effects of gender, EGA, drug exposure, and multiple gestation (Figure 3 ). Using the Figure 3 Initial multivariate model for outcomes. The quantity y is the probability of the outcome in question. For both PVL and death, gender was not found to be a confounder and was removed from the final model. Figure 2 Timing of diagnosis of spontaneous intestinal perforation (in days). Note that the peak incidence is between 6 and 10 days of life but that a subset of patients (20%) are diagnosed later than 2 weeks of age, and the majority of these presented without pneumoperitoneum. modeling process described, death and PVL were found to be significantly associated with SIP. Gender was the only covariate found not to be a confounder in both the death and PVL models. Steroid use was also not a confounding variable for the association between PVL and SIP. For consistency, it was kept in the PVL model as its inclusion did not affect the significance of the SIP OR estimate. The exact odds ratio for PVL was 4.12 (exact 95% CI 1.06-14.6), while the exact odds ratio for death was 4.10 (exact 95% CI 1.09-14.3) ( Table 3) . In both cases, the only other variable that achieved significance was an EGA <24 weeks. Using standard logistic regression methods, a trend towards significance was observed for both CLD and ROP therapy (SIP OR P-values for both outcomes ¼ 0.08).
Discussion
The original aim of this study was to compare morbidity in survivors of SIP with that of ELBW infants without SIP. Our multivariate analysis allowed for the adjustment of potential confounders of the relationship(s) of interest, such as gestational age, gender, multiple gestation, and exposure to indomethacin or glucocorticoid. We found an increased incidence of PVL and death in infants with SIP. While the initial pathophysiology and histology of SIP and perforated NEC are different, both result in peritonitis from intralumenal pathogens. We speculate that this ensuing peritonitis and chronic systemic inflammation increases the risk of PVL. Animal models have shown that exposure to bacterial endotoxin LPS can directly lead to glial cell death, and that this effect is lost when TNF-alpha or IL-1 is neutralized. 29, 30 This speculation is consistent with a recent NICHD retrospective examination of neurodevelopmental outcomes of NEC in ELBW infants. 31 Hintz et al. showed that infants with surgical NEC (i.e. with a perforation) had significant growth delay and an increased incidence of adverse neurodevelopmental outcomes than infants that had medically treated NEC.
The consequences from a perforated viscus might be exacerbated in infants with abdominal drainage (as 86% of ours had), who may have longer periods of resolution. While we have no evidence for functional neurologic impairment, Blakely et al. 20 has nearly completed gathering data from their prospective trial that is compelling for worse neurodevelopmental outcomes in patients who received drains versus those who get immediate laparatomy. It remains to be seen whether adverse neurodevelopmental outcomes in infants with abdominal perforation can be altered by the type of surgical intervention.
A secondary aim of our study was to further characterize SIP presentation. We made several notable observations: (1) occult presentation occurs in infants under 25 weeks gestation (1/3 of cases in this subgroup of infants); (2) a male predominance (a 3:1 ratio); (3) delayed presentations (1 in 7 present after 25 days); and (4) an increased incidence (8.4%) -1.5 times the overall average reported in the largest meta-analysis to date (5.7%). 10 The higher prevalence of SIP found in our ELBW population and the detection of occult SIP in lower gestation infants are potentially complementary observations. Previous reports on the incidence of SIP are based primarily on randomized controlled trials, which have recorded SIP as secondary outcomes not clearly defined prior to the beginning of the study. [7] [8] [9] This has the potential to introduce poststudy selection bias. The current analysis, which included occult perforations to the greatest extent possible and had definitions defined prior to data collection, may yield a more accurate estimate of SIP prevalence.
Strengths and limitations of data
The strength of this study is that all patients were diagnosed and treated by the same neonatologists, surgeons and radiologists in an institution that has a well-documented interest in SIP. This may have improved our capacity to detect occult presentations and thereby to approximate the true prevalence of SIP. The limitations of this study are those common to any retrospective analysis, in that associations and correlations cannot be proven to be causally related by such methods and there is some inevitable drop out of data due to loss of records through patient transfer (although we were able to capture 80% or better in most of our outcomes). Finding an appropriate control group for outcome comparison is always difficult in a retrospective analysis. In this study, we chose to examine all ELBW infants without SIP as a control group, and use logistic regression to control for confounding variables. The association of SIP and PVL remains when using matched controls for both BW and early glucocorticoid exposure. Finally, although this is the largest single institution study of SIP to date, the absolute number of cases is still relatively small (35) and this limits finer resolution of trends in presentation and may have affected our ability to accurately assess the effect of SIP on CLD and ROP.
